The biological diagnosis of polycystic ovary syndrome (PCO) remains questionable, and a single immunological hLH (ihLH) determination can be misleading. In order better to characterize these patients, we studied hLH pulsatility every 10 min for 4 h using a radioimmunoassay and then compared the results with others we obtained with a biological method. Radioimmunological and biological profiles were similar in patients with PCO and in controls. We also studied pulsatility characteristics -frequency and amplitude -and calculated the area under the curve (AUC). There was no significant increase in frequency in our 10 patients with PCO but, as in other studies, increased amplitude of hLH pulses was observed. The most discriminating parameter was the AUC. For practical purposes, we propose that hLH in patients with PCO could be assessed efficiently by taking four samples every 10 min, with computerized calculation of the AUC.
Introduction
The criteria for the diagnosis of polycystic ovary syndrome (PCO) remain a matter of debate (1). Blood hormone measurements and ultrasound examination of the ovaries are both useful to confirm clinical suspicion of the disease. Hyperandrogenism and a high human luteinizing hormone (hLH) concentration compared with human follicle-stimulating hormone (hFSH) are cornerstones for the biochemical diagnosis (2) . Hyperandrogenism and hirsutism, direct consequences of increased hLH, are frequent reasons for consultation, and it is necessary to obtain information on both hLH levels and biological hLH activity. Moreover, following Knobil's work (3) , it has been accepted that pulsatile hLH is necessary for its biological action upon the ovaries. Therefore, as hLH concentrations vary considerably over time (4) , a single measurement of basal hLH obtained by an immunological method (ihLH) is not enough to evaluate the true level of hLH hormonal secretion. Basal hLH values are often increased in PCO syndrome but, as initially described by Yen et al. (5) , they are sometimes normal, particularly in obese patients with PCO. Various approaches have been described to evaluate such pulsatility in humans (6, 7) . Nevertheless, despite their potency for research purposes, such approaches are not suitable for practical use. Contradictory results have been obtained concerning hLH pulsatility in PCO. Although an increase in amplitude is accepted, disagreements persist concerning an increase in pulse frequency. Increased frequency was observed by Waldstreicher et al. (8) , Imse et al. (9) and Arroyo et al. (2) , but was not found by Kazer et al. (10) . Biological hLH activity (bhLH) has been found to be increased in PCO in all reported studies (11) (12) (13) . However, the immunological methods used widely for clinical purposes are questionable for their ability to determine biological activity; indeed, the antibodies used in these assays do not necessarily recognize the hLH epitopes that are involved in the biological activity of hLH.
The aims of this study were to validate our immunological measurement of hLH, by evaluating biological activity at the same time, and to define the characteristics of hLH pulsatility in patients with PCO compared with normally ovulating controls. We suggest a practical and efficient biological method for the diagnosis of PCO.
Subjects and methods

Subjects
Ten patients with PCO were selected according to the following criteria: oligomenorrhoea and amenorrhoea, anovulatory cycles using a basal body temperature (BBT) chart, hirsutism using the clinical Ferriman and Gallway score, increased hLH and hLH/hFSH ratio >2.5. Four of ten patients with PCO presented with obesity defined by body mass index (BMI). Menses were induced by progesterone (dydrogesterone, 10 mg for 5 days) after long-term amenorrhoea in two amenorrhoeic patients. Patients were evaluated on day 4 or 5 after menses to measure androgens (androstenedione, testosterone and dehydroepiandrosterone sulfate (DHEAS)), gonadotrophins (FSH and LH) and prolactin by appropriate RIA (Table 1) . A gonadotropin-releasing hormone (GnRH) test was performed to evaluate the hLH response when the basal LH/FSH ratio was less than 2.5. Ultrasound examination of the ovaries revealed the usual features of PCO in each patient: more than 10 follicles of 2-8 mm in diameter and an increase in stroma (14) . Eight women with normal menstrual cycles and no clinical hirsutism were studied as controls on day 4 or 5 of the follicular phase. Normal cycles were evaluated using a biphasic BBT chart. None of the controls was obese. During the cycle when the study was performed, the duration of the luteal phase was at least 12 days and progesterone was more than 10 mg/l, 6 or 7 days after the increase in temperature. Ultrasound examination revealed that the ovaries were normal.
Blood samples were drawn every 10 min for 4 h from ten patients and eight controls on day 4 or 5 starting at 0800 h, while the woman was lying quietly. Aliquots of the 25 samples were frozen at ¹20 ЊC until measurements were performed to evaluate endogenous pulsatility. hLH was measured in the same 25 samples of five patients with PCO and four controls, by immunological (ihLH) and biological (bhLH) methods.
Procedures
hLH concentrations were determined using a commercially available radioimmunoassay ( 125 I-hLH COATRIA Biomerieux s.a., Marçy-l'Etoile, France) using a pair of monoclonal antibodies raised against different epitopes of a and b subunits of hLH. The sensitivity of the assay was 0.8 IU/l. Cross-reactivity with hFSH and human thyroid stimulating hormone was less than 0.1%, and with human chorionic gonadotrophin it was less than 0.00001%. Intra-assay and interassay coefficients of variation were 3.9 and 5.2% respectively. Concentrations of hLH are expressed as 1st IRP MRC 68/40. The expected values of ihLH for the first half of the follicular phase determined in our laboratory are 2-10 IU/l. Serum bioactive hLH concentrations were determined by an in vitro bioassay based on the rat Leydig cell testosterone response to hLH standards and unknown samples, as previously described by Dufau et al. (15) , with minor modifications (16) . The sensitivityof the assay was 0.02 IU/l. Interassay coefficients of variation were 32, 18.5 and 23.5% for three ihLH controls at 8.4, 12.9 and 46 IU/l respectively (n = 10). Intra-assay coefficients of variation were 14.2 and 13.6% for two bhLH concentrations at 62 and 311 IU/l respectively.
Pulse analyses
The presence of significant hLH secretory events was determined using the Munro program, which is based on the pulsar algorithm of Merriam & Wachter (7) . The parameters described by Baxter (17) were used to take into account the within-assay variance. These Baxter parameters, calculated by studying the duplicate values of all hLH standards used in 54 standard curves, were B1 = 0.09984, B2 = 0.02295, B3 = 0.00002. The parameters G2, G3 and G4 are those determined by Merriam and Wachter to obtain less than 5% of false-positive pulses: G2 = 2.40, G3 = 1.68, G4 = 1.24. For G1 and G5, we chose a high value arbitrarily equal to 30, to eliminate false-positive pulses attributable to artefacts. Indeed, in view of the hLH half-life in plasma (more than 30 min), an isolated increased hLH value is unlikely to be related to a hLH pulse, and a plateau with low hLH concentrations could not be considered as a physiological pulse. The other parameters of the Munro program are a smoothing window of 100, a nadir window of 30 min, a minimal pulse interval of 5 min, and a rise threshold of 3 S.D.
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Statistical analyses
The differences between patient and control groups for each parameter studied were assessed by Student's t-test (a P value less than 0.01 was selected as the limit of statistical significance), and the squared distance of Mahalanobis D 2 (distance between the centres of the two groups). To perform comparison tests when the variance of each group was significantly different, we performed a logarithmic transformation.
Results
Immunological hLH measurements were performed in eight controls and ten patients with PCO every 10 min over 4 h (25 samples). ihLH measurements in controls ranged from 2.7 to 9.5 IU/l (ihLH maximum/ minimum ratio = 1.77), mean 5.1 Ϯ 1.3 IU/l, and those in patients with PCO from 2.5 to 31 IU/l (ihLH maximum/minimum ratio = 1.97), mean 16.2 Ϯ 6.2 IU/l ( Fig. 1 The profiles of bhLH and ihLH measured in four controls and five patients with PCO were compared. Several methods of pulse analysis exist, but no single method is regarded as standard (18) (19) (20) , and we chose visual pulse detection as an efficient method with which to compare biological and immunological assay data for LH. The same immunological and biological profiles were observed visually in control individuals and patients with PCO ( Fig. 2) . ihLH pulse analysis was performed with the Munro algorithm in eight controls and ten patients with PCO. Over 4 h, the number of pulses was 3.0 Ϯ 0.8 in controls and 3.5 Ϯ 1.4 in patients with PCO, pulse amplitude was 1.9 Ϯ 0.6 IU/l in controls and 5.5 Ϯ 2.2 IU/l in those with PCO, and AUC was 120 Ϯ 56 IU/l in controls and 504 Ϯ 116 in those with PCO (Fig. 3) . The statistical analysis of ihLH characteristics in control (n = 8) and in PCO (n = 10) populations is summarized in Table 2 . All parameters were significant in discriminating between patients with PCO and controls (P < 0.001): mean ihLH, maximum ihLH, and parameters resulting from the Munro pulsatility study (amplitude of pulses and AUC) except the number of pulses (P = 0.387). The highest D 2 was found for maximum ihLH and AUC parameters. There were no 'misclassified' cases using these two parameters. In order to reduce the cost of the exploration, we studied the efficiency of the AUC parameter to discriminate between patients with PCO and controls according to the duration of sampling. We chose a short period (sampling every 10 min over 30 min) and obtained very good discrimination between the two groups with mean hLH concentrations (t = 7.59, P < 0.001, D 2 = 14.03) and AUC (t = 7.62, P < 0.001, D 2 = 14.12), whatever the starting time of the evaluation (data not shown).
Discussion
Validation of immunological measurements
Our first objective was to validate our immunological measurement of hLH. It is important to recognize biologically active molecules when hLH concentrations are being measured. Figure 2 shows examples of similar hLH profiles over the 4 h with both biological and immunological methods. In common with others (9, 13, 21), we observed some dissociation of biological and immunological hLH profiles -sometimes with a delay in the occurrence of biological pulses compared with immunological pulses (Ϯ 10-20 min) both in controls and in patients with PCO, which might perhaps reflect a maturation process -and additional biological pulses (more often than immunological pulses) with low amplitude, explained in part by amplification of the biological signal. We compared biological and immunological results by means of the B/I ratio. In patients with PCO, this ratio was double that in controls and it increased at the time of pulses in both populations. These two findings suggest that hLH isoforms with greater biological activity are observed in patients with PCO than in controls (13, 22) , and at the time of pulses in both controls and patients with PCO (23) . These results would support the hypothesis that some immunological epitopes recognized by our immunoassay kit are involved in the biological activity. This should mean that this immunoassay (Biomerieux kit) could be used as a simple method to detect biologically active hLH, as there is, to date, no immunological method able to recognize all the epitopes involved in the biological activity (9, 24) .
It is generally accepted that hLH can be in the normal range in PCO when a single random hLH determination is made (25, 26) . In this case, it has been suggested that a GnRH stimulation test should be performed to evaluate the explosive hLH response. Different hypotheses have been put forward to explain the increase in basal hLH concentration in PCO. Murdoch et al. (27) suggested that, in PCO, there could be delayed metabolic clearance of hLH and that spontaneous secretion of hLH may be increased independently of GnRH stimulation. Imse et al. (9) suggested that, in PCO, there could be pulses of immunoreactive, but biologically inactive, hLH. In spite of a selection of patients with PCO in our pulsatile evaluation (Fig. 1) , we observed variability of ihLH concentrations. The ihLH range in controls was from 2.7 to 9.5 IU/l over 4 h, in agreement with our laboratory reference values (2-10 IU/l). In patients with PCO, ihLH concentrations ranged from 2.5 to 31 IU/l. In four of ten patients with PCO, the lowest ihLH values observed were in the same range as those in controls (Fig. 1) . In contrast, we observed that maximum hLH concentrations were always more than 10 IU/l. One patient with PCO (No. 4) was of special interest, as she appeared to be misclassified according to the mean ihLH and number of pulses. Clinical and biological criteria for PCO were fulfilled: oligomenorrhoea, hirsutism, anovulation (without obesity), increased basal ihLH (11.6) in relation to hFSH (3.3) and increased androgens, in particular androstenedione and DHEAS (Table 1) . Analysis of ihLH pulsatility revealed a single huge amplitude pulse. This patient presented the lowest minimum ihLH concentration, similar to those in controls, and low mean ihLH. Two pregnancies were achieved in this patient with induction of ovulation, the first with purified urinary hFSH after clomiphene treatment failed, the second with clomiphene. The patient is still oligomenorrhoeic and her hirsutism is currently being treated with cyproterone acetate. This case illustrates the wide variability of presentation of PCO syndrome and the difficulties of biological classification. A single random hLH determination can therefore be misleading for diagnosis of PCO.
Discrimination between patients with PCO and normal individuals
Pulsatile analysis has been suggested as a method that is able clearly to separate patients with PCO and normal subjects, which was the second objective of this study. Three parameters were studied: frequency, amplitude and AUC (Fig. 3) . The number of pulses in our PCO population was highly heterogenous, from one to six pulses/4 h, but the mean pulse frequency showed no significant differences between patients with PCO and controls (P = 0.387, D 2 = 0.178). Interval mean pulses in the control group (77.5 Ϯ 12.9 min) and in the PCO group (76.9 Ϯ 58.7 min) were almost the same. A high level of controversy regarding pulsatile analysis persists in the literature. For instance, our results agree with those of Kazer et al. (10) , but not with those published by Waldstreicher et al. (8) and Taylor et al. (26) . The discrepancy can be explained by several factors: (a) heterogeneity of PCO syndrome (1, 28, 29) -it is well known that induction of ovulation is difficult in hyperpulsatile patients, whereas normal pulsatility is less frequently observed and easier to treat; (b) day of cycle studied (21, 30, 31) and time of day (32); (c) progesterone pretreatment in oligo-or amenorrhoea PCO (12); (d) duration and rhythm of blood sampling (26, 33, 34) ; (e) methods used for both hLH immunoassays (kit calibration, epitope specificities of the monoclonal antibodies) (35, 36) and hLH bioassays (testicular preparation, calibration) (16, 35) ; (f) different algorithms used in pulse analysis (33, 34) .
Increased hLH pulse amplitude has been described by all authors to distinguish between patients with PCO and controls. In our study, this second parameter was significantly different in patients with PCO compared with controls. However, one patient was 'misclassified' using this single parameter. Moreover, obesity has to be taken into account, as it has recently been shown to induce a decrease in pulse amplitude (2, 26) . We observed a similar negative effect of increased weight upon amplitude (result not shown).
AUC, the third parameter we studied, was the most significant (D 2 = 14.99 for the log of AUC), and no misclassification was observed with this approach. In our study, therefore, AUC seems to be the best parameter with which to diagnose PCO syndrome clearly; however, this parameter was evaluated on the basis of 25 samples (4 h).
Clinical diagnosis of PCO
Our third objective was to find a practical and efficient method of clinical diagnosis of PCO. We therefore calculated mean hLH level and AUC for 3, 2, 1 and 0.5 h, with sampling every 10 min. Very good results (P < 0.001) were obtained with 30 min of sampling (four samples). For practical purposes, we propose that hLH should be assessed over 30 min, using four samples taken at 10-min intervals, and to determine the AUC mathematically using a standard computer program. We have verified that our proposition is valid whatever the starting time of the evaluation. This proposition for the clinical diagnosis of PCO must be compared with those from other studies: Santen and Bardin (6) suggested that nine samples allowed a good estimation of mean hLH; Manieri et al. (37) evaluated the LH/FSH ratio with results obtained on pooled sera from four samples every 30 min; Arroyo et al. (2) proposed studying hLH in patients with PCO using only two samples (0 and 30 min).
Conclusion
We have confirmed that the immunoassay used in this study recognized biologically active hLH, and therefore this method seems to be very appropriate for clinical application. However, a single determination of the hLH concentration with this immunoassay failed, in some cases, correctly to diagnose PCO. The study of hLH pulsatility characteristics has been proposed to overcome this problem. High hLH pulsatility frequency has recently been confirmed in the literature (2, 26) , but very extreme conditions are required. In this study, we have demonstrated that, in contrast to frequency, the AUC is a very potent parameter with which to discriminate between patients with PCO and controls, without overlap. Moreover, this reliable method seems to remain valid when the sampling duration is shortened to 30 min.
